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Dear Jim:

As you know, we are actively trying to interpret the methodology and significance of your
recent publications regarding formaldehyde-induced DNA monoadducts.  We would
appreciate your help in clarifying various questions (see attached) related to the biochemistry
and information presented in Lu et al. (2011, Chem Res Toxicol, 24:159-161). Thank you.

Best Regards,
Ravi.
----------------------------------------------------------
Ravi Subramaniam, Ph.D.
NCEA-Washington, ORD, U.S. EPA
(703) 347-8606, (301) 515-2701 (alternate office)
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Questions related to biochemistry and information in Lu et al. (2011, Chem Res Toxicol, 24:159-161).

1. Regarding the limit of detection for N-2-methyldeoxyguanosine formed from exogenous formaldehyde: The Lu et al., 2011 study states that 20 amoles is the limit of detection (LOD) for measurements on the column (page 160, column 2, line 11 of first full paragraph). This detection limit was apparently applied to the analysis of endogenous and exogenous formaldehyde-induced adducts in bone marrow, the latter of which were below the LOD (page 161, column 1, line 1 of last paragraph).

	Questions arise whether the reported LOD of 20 amol can be directly applied to biological samples.  Can you share the details on how the LOD for the analyses of biological samples was determined?  Specifically, in generating the calibration curve (Figure S2, panel B) were appropriate standards diluted in a sample matrix analogous to the matrix generated during the normal processing (Figure S1, panel A) of tissue samples (e.g., bone marrow) in order to account for matrix effects during MS analyses? As described in the supporting information, formaldehyde-DNA adducts were purified by HPLC prior to LC-MS analyses.  However, as depicted in Figure 1 (panel A), there is substantial noise in the MS/MS chromatogram for 0.7 ppm [13CD2]-formaldehyde exposure.  Do you have any representative chromatograms of 20 amoles from biological samples that you can share with us? 



2. Related to differences between –dA and –dG adducts and the attribution of endogenous –dG adducts to endogenous formaldehyde: Quantities of adducts characterized as endogenous N2-hydroxymethyl-dG (dG) and endogenous N6-hydroxymethyl-dA (dA) were measured in rat and monkey nasal tissues.  Inhalation of formaldehyde resulted in concentration-related pattern of adducts characterized as exogenous dG, but no detectable exogenous dA adducts.  These findings suggest exploration of a few questions:

a. Should both the endogenous dA and dG adducts be attributed to the interaction of endogenous intracellular formaldehyde with DNA?  If this is the case, how should one understand the different patterns seen for exogenous adducts due to formaldehyde inhalation where only dG adducts were detectable?  To put it differently, if combined formaldehyde-induced exogenous plus endogenous adducts can serve as a dosimeter for DNA exposure to total (endogenous plus exogenous) formaldehyde, why does this only work for the dG adducts, given that the endogenous dA adducts would also seem to be indicating substantial endogenous formaldehyde exposure.  If this pattern may be attributable to differences in the effects of endogenous versus exogenous formaldehyde in inducting DNA adducts, does this fit with the concept of additivity for endogenous and exogenous formaldehyde?

b. On the other hand, if the endogenous dA adducts may not be attributed to interaction of DNA with endogenous formaldehyde, which would seem to indicate the presence of cellular processes (other than interaction with intracellular formaldehyde) that would lead to the production of dA adducts.  (Or more precisely - to be fully inclusive - the presence of the measured N6-methyl-dA adducts that were quantitated, after reduction, in the extracted DNA.)  Finally, if there are other processes that lead to production of the endogenous dA adducts, would these or similar processes have relevance to the observed exogenous dG adducts.  That is, how does the presence of the endogenous dA adducts – if not attributable to intracellular formaldehyde – affect a judgement regarding whether the characterized endogenous dG adducts are fully attributable to endogenous intracellular formaldehyde?



3. Is there a potential for artifactual DNA damage from sample processing?  In Lu et al., (2010, Toxicol Sci, 16:441-51), your group demonstrated the artifactual formation of dG-dG crosslinks arising during sample processing.  In contrast, there appears to be a paucity of information regarding the artifactual formation of DNA monoadducts (e.g., N2-hydroxymethyl-dG), a phenomenon that would likely influence the reported levels of endogenous adducts.  From our read of the series of papers from your lab and of the user manual of the NucleoBond DNA isolation kit, we found no overt mention—aside from the use of ice-cold conditions and reagents—of any procedures (e.g., antioxidants or chelating agents) considered to limit the artifactual formation of DNA adducts.  Since the artifactual formation of DNA damage can occur during sample processing from oxidative stress and lipid peroxidation, the latter process may form formaldehyde, is this a legitimate concern?  Do you have any empirical data addressing the potential for the artifactual formation of endogenous formaldehyde DNA adducts (i.e., N2-hydroxymethyl-dG or N6-hydroxymethyl-dA) during sample preparation (e.g., tissue homogenization or DNA isolation)?

 

4. Potential for exogenous formaldehyde exposure to alter endogenous adduct levels. .
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	In the Lu et al., 2012 paper (Toxicol Sci, 126:28-38), it has been shown that oral administration of methanol to rats generates formaldehyde-specific monoadducts of dG in most of the tissues examined, while dA monoadducts are detected only in bone marrow and kidney (Table 1).  In this study, a group of control rats that were not exposed to formaldehyde were shown to have endogenous FA-dG as well as FA-dA monoadducts in several tissues. The endogenous FA-dG monoadduct levels appear to be significantly increased in several tissues with either 500 or 2000 mg/kg/day 13C-methanol exposure, indicating that exposure to exogenous methanol, a precursor to formaldehyde, can influence the metabolism of endogenous formaldehyde and hence the formation of endogenous formaldehyde-specific monoadducts.  Would it be reasonable then to expect an influence of exogenous formaldehyde exposure on endogenous FA monoadduct levels in the previous studies where 13C-formaldehyde was used (Lu et al. 2010; 2011; Moeller et al. 2011)?   Since these earlier studies used each exposed animal as its own control, rather than using a separate unexposed control group, how does one rigorously evaluate such a possibility?  Can you provide some insight regarding these observations?

	In the same paper (Lu et al 2012), it has been shown that methanol exposure forms FA-specific dA monoadducts in bone marrow and kidney but not in other tissues. Unlike the dG monoadducts, the dA monoadduct levels are not affected by exogenous methanol exposure (Table 2).  Can one use dA as a biomarker for this reason? [image: ]
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